Aims: To prospectively evaluate sinopulmonary disease in 24 patients with primary humoral immunodeficiency (11 with agammaglobulinaemia, nine with isolated IgA deficiency, and two with common variable immunodeficiency) and chronic productive cough, ascertain the usefulness of chest high resolution computed tomography (HRCT) in evaluating the progression of lung disease, and test a therapeutic approach to chronic sinusitis. Methods: Pulmonary abnormalities were evaluated using lung function tests and HRCT (Bhalla score); chronic sinusitis was diagnosed clinically and confirmed by flexible fibreoptic endoscopy. Sixteen patients entered the three year follow up. Results: Lung function testing revealed an obstruction in four patients; chest HRCT was abnormal in 16. There was a linear relation between the Bhalla score >4 and the number of months with cough/year over the previous two years (clinical score), and between the difference in clinical scores during follow up and in the previous two years and the difference in Bhalla score. The pulmonary lesions did not significantly progress over a three year period. Thirteen patients had chronic sinusitis; 6/10 patients followed up were successfully treated with antibiotics plus topical therapy and two with nasal polypoid disease with endoscopic sinus surgery. Conclusions: In patients with primary humoral immunodeficiency and chronic productive cough, HRCT is very useful in delineating the extent of lung damage. The correlation between Bhalla score and clinical findings and the favourable outcome of the disease suggests that in most patients chest HRCT should not be repeated annually as previously suggested. Medical therapy seems to be effective in many cases of chronic sinusitis.
T he availability of broad spectrum antibiotics, together with intravenous immunoglobulin infusions to keep serum IgG concentrations within physiological levels, [1] [2] [3] has significantly reduced the frequency and severity of acute bacterial infections in patients with hypogammaglobulinaemia. As a consequence, there has been a reduction in the severe chronic sinopulmonary infections leading to bronchiectasis, atelectasis, pulmonary fibrosis, and eventually cor pulmonale and respiratory failure. [4] [5] [6] [7] This progress has been associated with the use of more sensitive diagnostic techniques such as high resolution computed tomography (HRCT) and nasal endoscopy.
Given the lack of recent prospective paediatric studies evaluating the development of sinopulmonary complications in patients with humoral immunodeficiencies, the primary aim of this prospective multicentre study was to evaluate lung and sinus diseases clinically, and by means of HRCT and nasal endoscopy, in patients with chronic productive cough affected by X linked and autosomal recessive agammaglobulinaemia (XLA, ARA), common variable immunodeficiency (CVDI), and isolated IgA deficiency (IgA-D). Although most IgA-D patients are asymptomatic or only have recurrent acute sinopulmonary infections in the first years of life, some may be affected by bronchiectasis.
The decision to evaluate patients with different humoral immunodeficiencies in a single study was based on the fact that all of the patients shared the common clinical presentation of chronic cough and phlegm (both of which are markers of chronic bronchitis and sinusitis), which in patients with hypogammaglobulinaemia may be related to the failure of immunoglobulin therapy to restore antibody concentrations on mucosal surfaces. 8 On the other hand, limiting the study to only one disease would not have guaranteed any greater patient homogeneity because the results of genetic mutation analyses of XLA patients suggest that it is still not possible to make genotype/phenotype correlations, 9 and that there is extreme variation in the phenotype expression of affected family members although they share the same genetic abnormality. 10 Furthermore, genetic studies of families affected by both IgA-D and CVID suggest that these disorders may have a common basis. 11 It therefore seemed to be clinically logical to use the same study protocol to follow the respiratory outcomes of patients with different defects but a very similar clinical presentation.
The further aims of the study were to ascertain the advantage of chest HRCT over clinical judgement in prospectively evaluating the progression of lung disease in patients thoroughly followed up in one centre, and to standardise a diagnostic and therapeutic approach to chronic sinusitis. Worsening HRCT findings despite adequate intravenous immunoglobulin therapy over a period of 3-5 years were reported in three of the children participating in a retrospective study of children with various primary antibody deficiency disorders, 12 and in two children participating in a prospective study of children and adults with primary hypogammaglobulinaemia. 13 The authors of both of these 
Baseline data collection
The clinical records of the patients were reviewed and the following variables recorded: age at diagnosis, number of months with cough and phlegm over the previous two years, the lifetime number of pneumonia episodes confirmed by chest radiography, and, in the patients with XLA, ARA, and CVID, the length and type of immunoglobulin replacement therapy, and their age at the start of therapy.
Evaluation of pulmonary and sinus disease at entry All of the patients underwent chest HRCT at least two months after an acute respiratory illness. The scans were performed using a standard high resolution technique with the patient's respiration held in deep inspiration. Sections with a thickness of 1-2 mm were obtained at 8-10 mm intervals and reconstructed using a bone algorithm. All of the scans were reviewed by a radiologist (NB) blinded to all of the clinical information, and a score (Bhalla score 15 ) was calculated on the basis of severity and/or extent of nine morphological changes: a score of 0-3 (0 = best, 3 = worst) was assigned for the severity of bronchiectasis, peribronchial thickening, the extent of brochiectasis, the extent of mucus plugging, abscesses or sacculations, and the generations of the bronchial divisions involved; a score of 0-2 (0 = best, 2 = worst) was assigned for emphysema and collapse or consolidation. The highest possible score was 25.
Patients who were able to cooperate underwent pulmonary function testing within two weeks of the chest HRCT using a water filled spirometer (Biomedin, Padua, Italy). The best forced expiratory volume in one second (FEV 1 ) and vital capacity (VC) of three attempts were recorded at baseline and after two inhalation of salbutamol via metered dose inhalers, and the FEV 1 /VC ratio was computed.
Sputum was obtained in patients free from an acute respiratory illness and who were able to cooperate; bacterial cultures were done according to conventional routine procedures.
Chronic sinusitis was diagnosed clinically in the presence of at least two of the following symptoms for at least three months: mucous or purulent nasal discharge, nasal congestion, and posterior nasal drainage. 16 17 The symptoms were separately scored for severity on a scale of 0 (none) to 3 (severe):
18 a positive diagnosis required a minimum score of 4. The nasal cavities were direct visualised by means of a 2.4 mm Pentax FNL-7RP2 flexible fibreoptic endoscope (Asahi Optical Co., Tokyo, Japan) in order to confirm sinus infection (purulent material emanating from the sinus drainage region) and identify polyps or structural abnormalities. 19 Follow up study Sixteen patients attending the Department of Paediatrics of the University of Milan (six with XLA, one with CVID, and nine with IgA-D) participated in the prospective three year follow up study. All received intensive chest physiotherapy. Acute lower respiratory tract infections were treated empirically or on the results of bacterial cultures of sputum with intravenous or oral antibiotics. None of the patients received prophylactic antibiotic therapy. Questionnaires concerning respiratory symptoms were completed every 1-3 months. HRCT examinations were repeated at the end of the follow up in 11 patients with an HRCT score >4 at the first examination. Changes in HRCT score (score at follow up 2 score at entry) and difference in the number of months/year of productive cough over the follow up and in the previous two years (clinical score) were calculated for each patient.
Lung function tests were repeated at intervals of three to six months and at the end of follow up; FEV 1 was used to assess deterioration over time.
The patients with chronic sinusitis were treated with amoxicillin-potassium clavulanate (50 mg/kg/day) and clindamycin (10-20 mg/kg/day) for two weeks. All of the patients were treated with saline nasal washes and intranasal beclomethasone (one puff in each nostril three times a day) for four weeks. The patients with nasal polyposis also received a three week course of oral prednisone (1 mg/kg/ day). Three to four weeks after the completion of treatment, the patients were clinically re-evaluated for the presence of sinusitis. If the symptoms had resolved or improved (score ,4), the response to treatment was confirmed by flexible nasal endoscopy; if they had not resolved (score >4), a second course of treatment was prescribed and flexible nasal endoscopy was performed after the second antibiotic course. The children in whom medical management failed underwent a coronal HRCT scan in order to evaluate any abnormalities before treatment (endoscopic sinus surgery).
Statistical methods
HRCT scores were compared between groups using the Mann-Whitney test.
The relation between variables was assessed with parametric or distribution-free methods as appropriate.
In analysing the relation of clinical to HRCT score, that was not the same over the range of score values, a piecewise linear function was used (procedure MKspline of the STATA 7 statistical package, College Station, Texas, USA). This is a function composed of linear segments, each limited to an interval of x values, that are constrained to join each other at the connection points (''knots''). A standard regression could then be used, because the distribution of clinical scores, conditional on HRCT score, was normal.
RESULTS
Evaluation of pulmonary and sinus disease at entry Lung function tests were performed at entry in the 21 patients who were able to cooperate and were normal in 17. Four patients (patients 3, 7, 12, and 14 in table 1) had a mild obstructive syndrome, defined as FEV 1 /FVC of ,80% and .65% of the theoretical value 20 with poorly reversible airflow limitation (improvement in FEV 1 ,10% after salbutamol inhalation). Table 1 shows the HRCT scan scores of each patient at entry. Six patients (two with XLA and four with IgA-D) had a completely normal HRCT scan (score 0); the scores of the other patients varied widely from 1 to 15. The most frequent abnormalities were those relating to airway diseases (bronchiectasis, peribronchial thickening). Mildly or moderately severe bronchiectasis (score1-2) was present in 17 patients, being predominant in the lower and middle lobes, and sparing the upper lobes. In the same patients peribronchial thickening of equivalent severity was also found. Mucus plugging involving 1-5 segments (score 1) or 6-9 segments (score 2) was present in five patients. None of the patients had abscesses or bronchiectatic sacculations. Segmental or subsegmental collapse or consolidation and mild emphysema (score 1) were found in, respectively, nine and three patients.
The patients with XLA, ARA, or CVDI tended to have higher HRCT scores (median 7, range 0-15) than those with IgA-D (median 4, range 0-12) (p = 0.075, Mann-Whitney test), but the scores varied widely. Figure 1 shows the relation between the number of months with productive cough/year in the two years before entry and the severity of HRCT score. A good correlation (p = 0.0001) was found only for patients with a Bhalla score >4. No correlation was found between the HRCT score at entry and lifetime pneumonia episodes (r = 0.22).
Data on bacterial cultures of sputum were available for 18 patients who were able to cooperate. Bacterial growth was observed in sputum samples of 11 patients when concentrations of >10 5 cfu/ml were used as a cut off point. Haemophilus influenzae was detected in nine samples and Streptococcus pneumoniae in two.
Thirteen patients (six with agammaglobulinaemia, one with CVID, and six with IgA-D) had chronic sinusitis at entry, four of whom had concomitant nasal polypoid disease (table 1) .
Follow up study
Eleven of the 16 patients who were followed up (six with XLA, one with CVID, and four with IgA-D) repeated a HRCT scan after two to three years; the HRCT score increased in two patients, decreased in six (in particular for mucus plugging and peribronchial thickening) and remained stable in three (fig 2) . In the case of these 11 patients, there was a correlation between the difference in months of productive cough/year (clinical score) during follow up and in the two years before entry and the difference in HRCT score (r = 0.6; p = 0.05) (fig 2) . Lung function testing showed deterioration during the follow up in only one patient (patient 3 in table 1) who had a difference in HRCT score of +2; FEV 1 decreased from 87% of predicted to 67%. Eight of the ten patients with chronic sinusitis who entered the follow up were successfully treated with medical therapy, including two with polypoid degeneration of the middle turbinate. In two patients with XLA, sinusitis recurred after two months; further follow up of these patients was impossible due to lack of compliance. Endoscopic sinus surgery led to a clinical improvement over a three year period in the other two patients who had massive nasal polyposis. 
DISCUSSION
Early diagnosis, appropriate immunoglobulin replacement therapy, intensive chest therapy, and antibiotics have changed the clinical history of patients with humoral immunodeficiency, 2 3 21 but many still present with chronic productive cough, the hallmark of chronic bronchitis or sinusitis. 16 22 An objective assessment of the extent of lung and sinus disease in patients with chronic respiratory symptoms and a standardised therapeutic approach and follow up are highly important to ensure long term survival without major complications.
We found that pulmonary abnormalities, chronic sinusitis, or both developed in the majority of our patients with humoral deficiency and productive cough for at least three months/year. HRCT proved to be a sensitive means of imaging morphological changes in 75% of the patients, including five with agammaglobulinaemia and no history of lower airways infection at diagnosis (data not shown) and five of nine patients with IgA-D. The most frequent abnormalities were mild and moderate bronchiectasis and peribronchial thickening. In a recent retrospective study of children with agammaglobulinaemia, Quartier and colleagues 2 documented bronchiectasis on CT scan in only 26% of their patients; however, some did not have chronic respiratory symptoms, and the authors did not perform HRCT scans.
HRCT has been considered the most reliable non-invasive method of assessing bronchiectasis in adults and children with primary hypogammaglobulinaemia. 12 13 23 The scoring system we used was originally devised for children with cystic fibrosis affected by a more severe lung disease, 15 but it has been subsequently and successfully applied to describe the extent of lung disease in children with antibody deficiency disorders. 12 The detection and definition of morphological changes in the airways of most of our patients by means of this score encouraged us to pursue chest physiotherapy and aggressive antibiotic therapy during acute airway infections. Mucus plugging, which is crucial in the pathogenesis of bronchiectasis, and peribronchial thickening, which reflects the presence of chronic infection resulting in inflammation, are amenable to medical management as shown by their improvement in some of our patients during follow up.
HRCT revealed progression of bronchiectasis despite adequate immunoglobulin replacement therapy has been reported in very few children with humoral immunodeficiency. 12 13 We found that the pulmonary lesions in our patients with a Bhalla score >4 and a good level of compliance not only to medical therapy but also to intensive chest physiotherapy did not significantly progress over a three year period, but the small number of patients followed up in this and previous studies 12 13 precludes any definite conclusions. In these patients we found a fairly good correlation between HRCT scores and clinical findings (months of productive cough/year); we therefore would not suggest subsequent annual or bi-annual HRCT scans unless their clinical status or lung function tests deteriorate. Reducing radiation exposure should also be a consideration, as recently discussed in several studies: 24 25 even if CT parameters are adjusted for age to minimise the radiation dose, the lifetime cancer risk per unit of radiation is greater for children-who face a large lifetime background risk of cancer mortality-than adults. 24 In patients in whom no damage or only very mild damage can be shown at HRCT scan, it is important to evaluate whether chronic productive cough may be due to the presence of chronic sinusitis with a posterior nasal drainage, as occurred in four of our seven patients with an HRCT score of 0-1 (table 1) . This could explain at least in part the lack of relation between HRCT score and clinical score in these patients. As expected, the results of the pulmonary function tests showed an obstructive pattern at entry only in four patients with more severe disease. This is in agreement with the results of the study of Quartier and colleagues 2 in paediatric patients with agammaglobulinaemia treated with high dose intravenous immunoglobulins, whereas, in a previous study, an obstructive or restrictive pattern was found in half of a series of older patients with hypogammaglobulinaemia who received intramuscular gammaglobulins. 26 Chronic sinusitis continues to be a problem in patients with humoral immunodeficiency. The high prevalence of the disease in our patients with hypogammaglobulinaemia (7/15) is similar to that reported in patients with XLA and CVDI treated with intramuscular or intravenous immunoglobulins. 2 4 5 We also diagnosed chronic sinusitis in 6/9 patients with IgA-D and chronic cough and phlegm. Diagnosing chronic sinusitis thoroughly and defining a therapeutic regimen to control the disease is therefore of great importance. According to a recently published ''Consensus on the management of sinusitis'' in children, 27 we decided to rely mainly on clinical criteria to diagnose and then to follow chronic sinusitis. Nasal flexible endoscopy was easy to tolerate by the patients and particularly helpful in supporting the clinical diagnoses, identifying early polypoid disease, and objectively assessing treatment response. The management of sinusitis in patients with humoral immunodeficiency is controversial, 8 28 and given the rarity of the condition, it is not surprising that no randomised clinical trial results are available. We decided to adopt a combined therapeutic approach (antibiotics + intranasal/oral steroids + saline nasal washes) as suggested for non-immunodeficient patients. 16 With regard to the choice of antibiotic (amoxicillin-clavulanate and clindamycin) and the duration of therapy, we considered that the causative agents of airway infections in patients with chronic sinusitis are usually common respiratory pathogens such as Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis, that anaerobes may play a role, and that most of the patients had already received in the previous months antibiotics that may have selected resistant strains. 16 17 Although a formal assessment of this treatment option is beyond the scope of the present study, the results obtained are interesting because, unlike previous authors, 8 we found that maximal medical therapy and, for patients with massive polyposis, endoscopic sinus surgery were effective in the majority of cases.
In conclusion, in order to ensure the optimal treatment of patients with humoral immunodeficiency and chronic respiratory symptoms, an effort has to be made to ascertain the presence of chronic sinusitis and carefully delineate the extent of lung damage by means of an objective and sensitive method such as HRCT. The criterion we used of investigating only the patients with chronic cough and phlegm may be particularly useful in discriminating which patients with IgA-D need a closer follow up. Prospective, collaborative, and randomised clinical studies are needed in order to provide more information concerning the optimal treatment of chronic sinusitis and the long term progression of pulmonary disease in different humoral deficiency disorders. On the basis of this limited experience, chronic sinusitis can be effectively treated in most patients by means of maximal medical therapy (one or two courses of a combination of broad spectrum antimicrobials, anti-inflammatory agents, and saline nasal washes),and, in cases with massive nasal polyposis, endoscopic sinus surgery. In optimally treated and clinically stable patients, if a definite lung damage is shown at HRCT, the close correlation between HRCT scores and clinical findings, and the favourable outcome of pulmonary disease, suggest that chest HRCT scan should not be performed annually as previously advocated. 12 13 It remains to be clarified how often HRCT should be repeated in order to reveal whether silent progression of pulmonary lesions may occur despite appropriate therapy.
